Male contraception by means of hormonal approach was initiated more than 60 years ago when men became azoospermic with administration of testosterone. The basic principle of male hormonal contraception is suppression of spermatogenesis. Exogenous testosterone/testosterone analogs alone or in combination with progestin have been tested for contraceptive efficacy by inhibiting gonadotropins release from pituitary gland. In this review article, advancement in different testosterone preparation tested alone or in combination for contraceptive efficacy has been focused. Administration of testosterone or testosterone analogs alone failed to provide uniform azoospermia or severe oligospermia (<1 million/ml sperm count) at lower doses regimens whereas higher doses causes side effects. Newer, androgen-progestin combination has proved better contraceptive efficacy than testosterone alone. Further, long term studies with hormonal regimens and other alternative approaches are required with fewer side effects for development of safe and reversible contraceptive.
Introduction
Contraception is considered as a main key in controlling increasing population growth. Today, much of our current population growth is unintended. Approximately half of unplanned and unintended pregnancies are due to contraceptive failure, largely owing to inconsistent or incorrect use [1, 2] . Men in most countries have shown their willingness, ready to share the benefits and burden of family planning. A contraceptive with cent percent sterility and reversibility is the desire of the community. At present, two methods for male contraception are available (1) condoms and (2) vasectomy. However, both suffer limitation in compliance (condoms) and reversibility (vasectomy). Hormonal approach to contraception was established more than 60 years ago when men became azoospermic with administration of testosterone [3, 4] . The main principle of male hormonal contraception is to suppress spermatogenesis by means of diminishing the luteinizing hormone (LH) and follicular stimulating hormone (FSH) production in pituitary gland. The FSH and LH production is under the control of hypothalamic regions and intratesticular testosterone act as inducer and inhibitor (through feedback mechanism) [5] . It has been reported that LH pulse is suppressed more when exogenous testosterone was administered [6] . FSH acts directly on Sertoli cells whereas LH exerts its effect through Leydig cells and plays a role in synthesis of interstitial testosterone levels. Decrease in interstitial testosterone along with suppression of FSH results in alternation in Sertoli cell function required for germ cell maturation [7] . According to Weimer manifesto, goal of an effective male hormonal contraceptive method is to provide azoospermia or at least severe oligospermia (<1 million/ml sperm count) [8] . Several male hormonal preparations such as testosterone enanthate (TE), testosterone undecanoate (TU), etc. have been tested at various regimens for contraceptive efficacy. Administration of TE regimen (200 mg TE i.m. weekly for 3 months followed by every 3rd week for 9 months) leads to azoospermia or severe oligospermia in two-third of the tested population [9] . Of these, a number of testosterone preparations have provided alteration in serum levels/unfavorable pharmacokinetic profile and lead to development of new androgen progestin formulations that have paved the way for developing future male hormonal contraception with a regime of safety, efficacy and reversibility. In the present review, recent advances in male hormonal contraception have been discussed with emphasis on the contraceptive efficacy of testosterone and testosterone analogs.
Hormonal Regulation of Spermatogenesis
The process of spermatogenesis is under the control of hypothalamo-hypophysial-gonadal axis. Biosynthesis as well as the secretion of FSH and LH from the anterior pituitary gland is regulated by gonadotropins releasing hormones (GnRH) produced from the hypothalamus. [5, 10] . FSH acts directly on Sertoli cells, whereas LH regulates the testosterone synthesis through Leydig cells. LH stimulates the Leydig cells to secrete testosterone. Testosterone diffuses from the testicular interstitial space through the basement membrane and into the seminiferous tubules, where it enters the Sertoli cells. In Sertoli cells, testosterone is converted to dihydrotestosterone (DHT). Testosterone and DHT both leaves the Sertoli cells and gets accumulated around the germ cells. Both FSH and intratesticular testosterone, synergistically play a crucial role in normal spermatogenesis (Figure 1) . Interstitial testosterone through feedback mechanism regulates FSH and LH secretion by influencing GnRH release from hypothalamus [5] . Exogenous testosterone administration inhibits gonadotropic secretion through feedback mechanism and parallely blocks both exocrine and endocrine testicular function (i.e. sperm production and testosterone production) [6] . Orchidectomized men exhibit abnormally high levels of FSH and LH in their blood suggesting that testicular substances have negative feedback effect on gonadotropins secretion from adeno-hypophysis [11] . Under normal condition, when testosterone levels drops, LH levels rise and stimulates the Leydig cells to secrete more testosterone. Opposite action occurs when testosterone level rises. In the light of this mechanism, several anti-gonadotropic agents (androgens, progestins etc.) have been used for therapeutic approaches in sexual disorders such as hypogonadism and development of contraceptive dose, etc. [3, 4, [12] [13] [14] [15] . 
Testosterone Analogs as Contraceptive Agents
In the last sixty years, several testosterone and its analog preparations alone or in combination have been tested for contraceptive efficacy, while some of them are currently under clinical trials in combination with other agents have been described below.
Testosterone Enanthate
Testosterone enanthate (TE) is an ester of testosterone ( Figure 2 ) and was earlier used for the treatment of hypogonadism [12] . Several studies on rats, rabbits and preclinical trials have suggested the potential use of TE as long lasting contraceptive without producing significant side effects [16] [17] [18] . Administration of testosterone enanthate (2 mg/kg b.wt/15 day; i.m.) was able to induce azoospermia in 4 out of 5 langur monkeys with mild side effects and recovery after 75 -90 days of discontinuation of treatment [19] . In 1979, the intramuscular preparation of esterified TE was tested which has shown potential for male contraception [9] . However, the 200 mg TE i.m. weekly for 3 months followed by every 3rd week for 9 months regimen failed to achieve cent percent azoospermia in one third of the tested population. Based on above finding, an efficacy trial with 200 mg TE was initiated by WHO involving healthy fertile subjects at 10 centers in four continents. About 60% of men became azoospermic while remaining reached to severe oligospermia (<3 million count/ml) [20] . The efficacy of this study was high due to inclusion of only men who became azoospermic. Seeing shortcoming of this study a second world wide WHO trial was conducted on 357 couples [21] . The pregnancy rate was 0% as compared to 0.8% in azoospermic men in the first trial. The combined pregnancy rate in both studies was 1.4 pregnancies per 100 person/ year [20, 21] . Both WHO trials have demonstrated that hormonal suppression of spermatogenesis may be effective contraception method for men. However, weekly intramuscular injection, side effects and short acting testosterone preparations are few drawbacks that would affect acceptability of this approach for long-term contraceptive use. Copyright © 2013 SciRes. ASM
Testosterone Undecanoate
To overcome weekly administration of TE, another testosterone ester, viz., testosterone undecanoate (TU) was tested. TU has long aliphatic-hydrophobic fatty acid side chain which renders its high fat solubility (Figure 3 ). It is available in both oral and injectable preparations. However, injectable testosterone showed promising results compared to oral preparation. Its two formulations namely TU in tea seed oil (125 mg/ml) in China and TU in castor oil (Nebido TM 250 mg/ml) in Germany showed long acting effect on monthly intramuscular injections. In China, TU (500 mg/ml monthly; i.m.) was able to induce azoospermia or oligospermia (<3 million/ml) in 97% of Chinese subjects with high contraceptive efficacy. However, reappearance of sperm occurred in six men during the efficacy and one pregnancy was attributed to sperm rebound [13] . Another study conducted in China with TU, with a loading dose of 1000 mg followed by 500 mg TU monthly injection. In this phase III study, a total of 1045 men were enrolled around 10 centers in China and 898 couples entered the efficacy phase without using other contraception method efficacy rate was 1.1 per 100 person/year. These studies provide the proof of safe, effective and reversible contraceptive potential with monthly injection of TU. A new and more concentrated formulation of TU in soybean oil (250 mg/ml) is under consideration for clinical trials [22] .
Other Testosterone Preparations
Repeated intramuscular injections limited the participation of more men in clinical trials due to painful procedure. Men have shown their willingness to participate if different mode of delivery is available in the market [23] . To increase the acceptability and make the procedure less painful, following alternative delivery systems were investigated.
Testosterone Pellets
Testosterone pellets were used for treatment of hypogonadism and have also been tested for contraceptive efficacy through surgical insertion into subcutaneous tissue of abdominal wall (Figure 4) . A single implantation of 1200 mg (six pellets) testosterone pellets was able to induce as well as maintain oligospermia-azoospermia for 16 weeks [24] . Testosterone pellets in combination with etonorgestrol implants demonstrated suppress spermatogenesis in 85% of men [25] . Another study, where testosterone pellets were implanted sub-dermally every 4 -6 months along with intramuscular administration of medroxy progesterone acetate achieved sperm count less that 1 million/ml in 53 out of 55 men and entered the efficacy phase [26] .
Transdermal Testosterone
Transdermal T-patches were earlier used for treatment of hypogonadism and have also been tested for contraceptive efficacy ( Figure 5) . However, the approach did not appear to be effective as it lowers serum testosterone levels which results into suboptimal suppression of spermatogenesis and the patches resulted into dermatitis [27] . As an alternative to transdermal testosterone patches, testosterone gels have been used to treat hypogonadism [28] . T-gels in combination with depot medroxy progesterone acetate (DMPA) also act as potential contraceptive agents by providing severe oligospermia to azoospermia [29] . T-gels have indicated better serum testosterone levels and less irritation as compared to T-patches. 
Factors Affecting

Acceptability
Non-injectable androgen preparations like T-patches, Tgels and oral TU failed to provide uniform azoospermia as compared to intramuscular testosterone preparations such as TE and TU. To overcome these adverse effects, transdermal testosterone patches have also been tested for contraceptive efficacy. However, weekly intramuscular injections and related side effects during long term administration are few drawbacks of testosterone enanthate that affect its acceptability as contraceptive use. The application of T-patches had side effects like, irritation, dermatitis etc., and all these drawbacks further lead to their unacceptability as effective contraceptive regimen. To overcome these limitations, new combination approaches have been evaluated for contraceptive efficacy.
Side Effects
Exogenous testosterone administration has profound effects on circulating androgen levels, viz., suppression of androgen levels, elevated levels of estrogens etc. Androgen related side effects include acne, weight gain, decrease in HDL-cholesterol and increased haemopoeisis.
Ethnic Variations
Ethnic variations in the suppression of spermatogenesis have been experienced with administration of exogenous testosterone [20, 21] . Following exogenous testosterone administration, LH pulses were found to be more suppressed in Asian men compared to Caucasians [6] . A higher rate of azoospermia (90% -100%) has been reported in Asian men compared to Caucasians [20, 21] . Similarly, male germ cell production was higher in Asian men versus non-Asian men [7] . The potential explanation may be the subtle differences in genetic makeup/gene involved in synthesis/metabolism of steroid hormones [30] .
Pharmaceutical Support
In recent years, various pharmaceutical companies have extended financial support for development of new hormonal contraceptive in clinical trials using TU in combination with etonorgestral [31] . Earlier, to overcome the short acting effect of TE, a new preparation Testosterone bucciclate (TB) has been developed, however fails to reach clinical trials as no industrial partner was available for further productions.
Testosterone Analogs and Progestin Combination as Contraceptive Agents
It is obvious from clinical trials that androgen preparations such as TE and TU have resulted into azoospermia and severe oligospermia (<3 million count/ml) in >90% subjects at lower dose regimens (200 mg TE i.m. weekly and 500 mg TU monthly injection) [13, 20] . However, higher doses have resulted into androgen related side effects. To overcome the side effects, co-administration of androgen-progestin regimen has been investigated for contraceptive efficacy. In early 1970's progestins have been widely tested for female contraception and known to act as both anti-androgen and anti-gonadotropic. Addition of progestin to androgen preparations reduced androgen related side effects due to anti-androgenic action, while suppression of spermatogenesis achieved by anti-gonadotropic effects. With this rationale several androgenprogestin regimens have been tested for contraceptive efficacy and few are currently in phased III clinical trials.
Cyproterone Acetate
The synthetic steroid cyproterone acetate (6α-chloro-1, 2 α-methylene-17 α hydroxy-pregn-4,6-diene-3,20-dione-17 acetate; CPA) ( Figure 6 ) has been shown to be effective anti-androgen by inhibiting the release of gonadotropins from pituitary [14] . Cyproterone acetate is also a promising progestin studied for contraceptive efficacy in combination with TE [32] . The CPA act through both anti-gonadotropic and anti-androgenic action. The CPA in combination with TE has provided a rapid suppression of spermatogenesis. Administration of combination regimen of CPA (daily oral 1 mg/kg b.w.) and TE (2 mg/kg b.w./15 days; i.m.) to adult male langur monkeys over a period of 90 days caused a gradual decrease in the sperm count and motility without altering androgenicity and without Copyright © 2013 SciRes. ASM affecting libido [32, 33] . A dose dependent suppression of spermatogenesis has been reported when CPA administered in combination of 100 mg TE weekly as compared to 100 mg TE alone [34, 35] . Low doses of CPA at a dose of 25 mg/day (CPA-25; n = 5) or 12.5 mg/day (CPA-12.5; n = 5) plus TE 100 mg/week, for 16 weeks have also been tested for contraceptive efficacy. All five men in group CPA-25 and three men in group CPA-12.5 achieved azoospermia. No appreciable changes in testosterone levels and biochemical parameters were reported. Thus, suggest a combination hormonal regimen as an effective, safe and reversible male contraceptive [36] . However, decrease in hemoglobin, body weight and hepatic dysfunction lead to discontinuation of CPA plus TE combination from clinical trials.
Depot Medroxyprogesterone Acetate
Depot-medroxyprogesterone acetate (DMPA) is a longacting form of the synthetic progestin having weak androgenic property (Figure 7) . DMPA is administered as a single 150 mg intramuscular (i.m.) injection every 3 months and appears to be a potent inhibitor of gonadotropins [15] . The spermatogenesis was rapidly and completely suppressed after the administration of 500 mg TU in tea seed oil every 6 weeks in combination with 250 mg DMPA every 12 weeks in Indonesian men [37] . An 8-week regimen of TU plus DMPA at both tested (1000 mg TU plus 150 mg DMPA v/s 1000 mg TU plus 300 mg DMPA) combination doses effectively suppressed spermatogenesis to azoospermia in Chinese men. No serious adverse effects were reported [38] . The lower-dose combination was recommended for further testing in an expanded clinical trial or contraceptive efficacy study.
Desogestrel and Etonogestrel
Desogestrel (DSG) is a third generation synthetic progestin with potent progestogenic but lesser androgenecity (Figure 8(a) ). Desogestrel oral regimens (50, 100, 150 and 300 mg) have been tested for contraceptive efficacy in combination with TE and T-implants [39] [40] [41] . Findings have suggested that 300 mg dose regimen of DSG in combination with 100 mg TE (i.m. weekly to 24 weeks), 400 mg testosterone pellets (subcutaneous) and 100 mg TE (for 6 months) were able to induce azoospermia in all tested subjects, respectively. However, higher dose of DSG (300 mg) resulted into reduction of HDL-Cholesterol levels. Etonogestrel (3-keto desogestrel, ENG) is an active metabolite of desogestrel (Figure 8(b) ). Administration of etonogestrel implants at an appropriate dose together with a long-acting testosterone preparation induces profound and constant suppression of spermatogenesis that can be maintained for a period of 1 year [25, 42] . The combination of 300 µg ENG with 400 mg testosterone decanoate (TD) every 4 weeks proved superior in terms of efficacy, hormone profiles, and safety compared to 300 µg oral ENG daily and 400 mg TD every 6 weeks. This represents a promising approach to male hormonal contraception [43] .
Levonorgestrel
Levonorgestrel (LNG) is a second generation synthetic progestogen used as an active ingredient in female hormonal contraceptives, viz., contraceptive pills ( Figure  9 ) [44] . Various regimens of LNG have been tested for male contraceptive efficacy along with testosterone preparation. The LNG 500 mg daily with TE (100 mg/ week) provides greater azoospermia compared to administration of TE alone [45] . [48] . Moreover, a 125 mg LNG doses in combination either with TE, dutastride or acyline have been tested and resulted in non-significant azoospermia percentile (60% -80%) [49] . Another combination of LNG 125 mg dose regimen/ LNG implant with T-patches had achieved < 60 % azoospermia [50] . These findings suggest that testosterone preparation plays an important role in the suppression of gonadotropins.
Norethisterone Enanthate
The 19-norethisterone (NETE) is the oldest synthetic gestagen used for female contraception (Figure 10) . Three different dose regimens of NETE with different intervals along with TU have been studied and higher doses of 400 mg NETE with 1000 mg TU injection at 6 week interval had resulted into azoospermia in 92% men [51] . It has been reported that even 8-week interval between two consecutive dose of TU (1000 mg), does not affect the contraceptive efficacy when administered with 200 mg NETE [52] . The NETE (200 mg) with two different dose regimens of TU i.e., 750 mg v/s 1000 mg/8 weekly injection up to 24 weeks resulted in variable azoospermia (30% to 70%), respectively [53] .
Conclusion
In conclusion, researches during past several decades have shown advancement in the development of testosterone based contraceptive regimen. Initially, only testosterone and testosterone analogs were tested which failed to provide uniform azoospermia. To overcome these limitations, new testosterone based combinations (androgen-progestin) were examined for contraceptive efficacy. 
